Abstract. While much is known about the natural history of cervical human papillomavirus (HPV) infection and its consequences, including cervical intraepithelial neoplasia and cervical cancer, relatively little is known about the natural history of anogenital HPV infection and diseases in men. In part this reflects difficulties in penile sampling and visual assessment of penile lesions. Anal HPV infection and disease also remain poorly understood. Although HPV is transmitted sexually and infects the genitals of both sexes, the cervix remains biologically more vulnerable to malignant transformation than does the penis or anus in men. An understanding of male HPV infection is therefore important in terms of reducing transmission of HPV to women and improving women's health. However, it is also important due to the burden of disease in men, who may develop both penile and anal cancer, particularly among HIV-positive men who have sex with men. Improved sampling techniques of the male genitalia and cohort studies in progress should provide important information on the natural history of anogenital HPV infection and disease in men, including risk factors for HPV acquisition and transmission. The impact of HPV vaccination in women on male anogenital HPV infection will also need to be assessed.
Introduction
The most common cause of HPV-associated mortality is cancer of the cervix, and most of the attention of clinicians and researchers has appropriately been directed toward this disease and its precursors. However, HPV infection of men is of great importance as well given that sexual transmission is the primary mode of spread to women. An understanding of anogenital HPV infection in men is therefore critical to reducing the risk of HPV transmission to women. Moreover, similar to women, men suffer the consequences of anogenital HPV infection in the form of anogenital condyloma, intraepithelial neoplasia and cancer. Recognition and treatment of anogenital HPV-associated lesions in men is critical to reducing the burden of disease in men and treatment of penile lesions has the potential, albeit as yet unproven, to reduce the risk of HPV transmission to women.
The recent success of HPV vaccination to prevent initial HPV infection in women begs the question as to whether men should be vaccinated. Consistent with the above, the benefits could include reduced HPV transmission to women and increase in "herd immunity", as well as reduced penile and anal cancer incidence. Studies have not yet been published documenting efficacy of the vaccine in men, but these are in progress. Even in the absence of vaccinating men, however, a high penetrance of the vaccine in women would likely affect the prevalence and incidence of male anogenital disease in the future, and this will need to be the subject of further study.
HPV infection and disease of the penis

Epidemiology of penile HPV infection
Understanding the epidemiology of penile HPV infection and HPV-associated diseases has been challenging for a number of reasons. Unlike sampling a moist surface such as the cervix, reliable sampling of the dry, keratinized surface of the penis to obtain adequate numbers of cells has been difficult and poorly reproducible. Recently however, several investigators have been using better methods to collect cells, including the use of sandpaper or emery paper to loosen cells, resulting in better yields. This has improved our understanding of the prevalence and risk factors for penile HPV infection.
In one study of penile swabs obtained from 436 men attending a sexually transmitted disease clinic, the prevalence of HPV was 28.2%. Oncogenic HPV types were found in 12.0% of participants, nononcogenic types were found in 14.8% of participants, multiple types were found in 6.1% of participants, and unknown types were found in 5.9% of participants [1] . In a study of male partners of women positive for HPV using the non-amplification-based Hybrid Capture TM II (HCII) method, HC II analysis of penile brushings showed that 24% were positive in the glans, 44% in the prepuce internal surface, 30% in the distal urethra, 24% in the prepuce external surface, 12% in the scrotum and 8% in the anus [2] .
In a study of 779 Mexican men requesting a vasectomy, exfoliated cells were obtained from the scrotum, the shaft of the penis and the top of the penis including the coronal sulcus, the glans and the opening of the meatus. Using PCR, the prevalence of any type of HPV was somewhat lower than in the 8.7% and the most commonly found HPV types were HPV59, 51, 6, 16 and 58. HPV positivity was highest among men below age 25 (13.6%), and lowest among men aged 40 years or older (6.0%). Lifetime number of sexual partners was associated with HPV positivity. Condom use with both regular and sex-worker partners, and circumcision were inversely associated with HPV positivity [3] . Likewise, circumcision in another study was associated with reduced risk for detection of both oncogenic and non-oncogenic HPV types [4] .
Even less is known about penile HPV infection in HIV-positive men. The risk of penile cancer is elevated in HIV-positive men compared with the general population [5] but little is known about the natural history of penile disease in this population. A high prevalence of high-risk HPV types was present in the anus, penis and mouth (78, 36 and 30%, respectively) and was detected in a cohort of HIV-infected men without evidence of pathology in these areas [6] .
Diagnosis of HPV-associated lesions of the penis
In addition to the problems associated with penile sampling, methods to diagnose penile lesions have been problematic. There is no standardized method to do so, but it is commonly accepted that magnification with application of acetic acid, similar to its use in the cervix, will result in improved diagnostic sensitivity, albeit at the expense of specificity [7, 8] . Penile HPV infections may be latent, or may lead to subclinical or clinical disease. Latent infection is defined as the presence of HPV DNA within the tissue in the absence of any changes seen on visualization under magnification or histologic changes. A lesion, clinical or subclinical, is defined as the clinically visible and histologic modifications occurring due to HPV infection. Subclinical lesions are defined as those lesions visible only after application of acetic acid. Clinical lesions are defined as those visible to the naked eye without acetic acid.
The clinical examination should be carried out carefully on the entire anogenital region, including the penis, scrotum and perianal region with the help of a strong light and a magnifying lens (at least 4-fold). Subclinical lesions may be visualized after application of 5% acetic acid. While a colposcope may provide light and magnification, most acetowhite reactions will be detected by a hand-held magnifying lens.
The biological basis of acetowhitening is unknown. In lesions of external genitalia, areas with surface nuclear activity (parakeratosis) and/or increased cellular density will react. Acetic acid may be applied with a cotton ball mounted on a sponge-holding forceps, a scopette or by self-application of a gauze soaked in acetic acid. Acetic acid should be applied generously and the clinician must wait two to three minutes before beginning the examination. While recognized as a valuable aid to the diagnosis of penile disease, routine use of these techniques to examine at-risk men has not been advocated by professional organizations. In part, this reflects the absence of standardized training in this technique, limited specificity of acetowhitening and its unknown negative and positive predictive value in populations at different level of risk. Paradoxically, the areas of the penis that turn acetowhite the fastest are most often those with non-specific conditions such as inflammation and abrasion, and there is concern for over-treatment of non-HPV-related lesions.
Accurate identification may lead to better diagnosis of lesions and improved treatment, but the effect of treatment of penile disease has not been proven to reduce mortality among either men or women. Treatment of high-grade penile intraepithelial neoplasia may well reduce the incidence of penile cancer but this has not yet been demonstrated. Although condom use in male partners of women with CIN has been shown to increase regression of CIN [9] , there are no data showing that treatment of HPV-associated disease reduces the risk of disease or infection in their female partners. For these reasons, routine screening of men with magnification and acetic acid has never become standard of practice.
With these caveats in mind, examination of men with these techniques may be useful under certain circumstances. These include identification of small, clinically inapparent or subclinical lesions in men who present to the clinician with genital warts. Men who present with symptoms such as itching or pain, or signs such as erythema must also be examined to rule out cancer or high-grade penile intraepithelial neoplasia.
Once identified, a penile biopsy may be needed to exclude the existence of penile cancer or penile intraepithelial neoplasia, or to confirm the diagnosis of HPVassociated lesions. Anesthesia, typically in the form of subcutaneous lidocaine is applied. A punch biopsy such as a Kevorkian, a 4 mm disposable Keyes punch, forceps and scissors, or a knife may be used. To use the Keyes punch, the clinician maintains the pressure and rotation until subcutaneous tissue is reached. The depth of the biopsy also depends on epidermal thickness. When the dermis is entered, there is a sensation of decreased resistance. The dermal tissue is cut with a small scalpel or scissors and the elliptical defect can be cauterized with Monsell's solution (ferric subsulfate) or sutured. Forceps can also be used to lift anesthetized skin or mucosa, and sharp scissors used to snip the biopsy.
Histopathology of penile HPV-associated lesions
Condyloma acuminata, commonly known as "warts", are exophytic, white grayish protuberances on keratinized skin, with a lobulated or irregular surface. Papillae may be prominent with finger-like projections that exhibit punctate and/or loop-like patterns visible with magnification unless the lesion is heavily keratinized. Some warts will be highly keratinized, thus appearing white. Their number varies from one to 50 or more lesions, and the sizes vary from 0.2 to 1.0 cm, but they may become confluent involving large areas of genitalia. In uncircumcised men warts are most prevalent on the inner aspect of the prepuce and at the frenulum and coronal sulcus. In circumcised men the shaft is often involved. Warts may be present on the meatal lips of the urinary meatus or the distal area of the urethra up to 10-28% of men.
Condylomata acuminata must be distinguished from other papillomatous lesions in this area. On the penis, a variant of normal known as pearly penile papules may simulate warts [10] . These are hypertrphic papillae that form rows of discrete acuminate structures distributed circumferentially around the coronal sulcus. Reactive hyperplasia may also be associated with papillary structures in circumcised men. In these structures, the surface is the same as that of the surrounding skin and no vascular structures are detected. Condylomata lata of secondary syphilis should be distinguished from condylomata acuminata. Some warts may be pigmented, and in such cases may be difficult to distinguish from pigmented papules of high-grade penile intraepithelial neoplasia.
HPV types 6 and 11 are detected in 70-95% of condylomata acuminata, independent of the location, extent and duration of lesions. Oncogenic HPVs are not usually detected in typical warts in immunocompetent individuals.
HPV-associated lesions may also take the form of non-pigmented papules. These lesions have the color of normal skin or are occasionally brown and have a round or dome-shaped, slightly hyperkeratotic or smooth surface [11, 12] . HPV-associated papules can be easily distinguished from the umbilicated pink-gray papules of molluscum contagiosum. Sebaceous glands of the prepuce should not be mistaken for HPV-associated papules. These are grey-yellow in color and magnification permits the identification of their structure [12] .
Examination of the penis with acetic acid and magnification may also reveal subclinical macules consisting of smooth, flat, well demarcated acetowhite areas of normal epithelium with obvious capillary loops. They are usually found on mucosal surfaces such as the prepuce and glans and occasionally on the keratinized skin of the external genitalia. The differential diagnosis includes balanitis in which the acetowhitening is more diffuse, avascular and irregular; and yeast infection, in which multiple isolated acetowhite areas are often detected. In yeast infection capillaries are evident diffusely and are not restricted to the acetowhite areas. Other causes of acetowhitening includes traumatic microabrasions. While colposcopic examination often permits the clinician to distinguish subclinical HPVassociated lesions from infection or inflammation, it may not always be possible to do so, and local antiinflammatory treatment may be given to men prior to further work-up.
The term "Bowenoid papulosis" is used to describe papular or maculopapular lesions that show histolog- ical features of high-grade intraepithelial neoplasia or carcinoma in situ [13, 14] . These papules are usually hyperpigmented and are often flat despite the term "papulosis". They may be red or slightly brown with a smooth, glistening surface (Figs 1 and 2 ). They range in number from single lesions to about 30 and may coalesce to form plaques and they may exhibit strong acetowhitening. The differential diagnosis of Bowenoid papules includes pigmented warts, lentigo, naevi and melanoma, seborrheic warts, angiokeratomas, lichen planus and localized psoriatic lesions.
The histology of penile intraepithelial neoplasia in young adults shows features typical of other sites in the male and female genital tracts, including epithelial proliferation, hyperkeratosis and parakeratosis [15] . The cell nuclei are hyperchromatic, clumped and show loss of organization, maturation and cohesion. Mitotic figures are generally numerous and abnormal forms are often present. Potentially oncogenic HPV types are usually associated with these lesions and the most frequently identified type is HPV16 [14] [15] [16] .
The prevalence of penile intraepithelial neoplasia is much lower in studies from the United States than in Europe. This may be linked to higher rates of circumcision, since circumcised male partners of women with CIN have a lower rate of penile intraepithelial neoplasia than uncircumcised men [17] . Circumcised men also have a lower prevalence of subclinical disease since many of these are often localized to the prepuce.
The natural history of high-grade penile intraepithelial neoplasia in young adults is not well known since natural history studies have not been done. It is likely however that conversion to invasive penile cancer is a rare event. In older patients, high-grade penile intraepithelial neoplasia mostly consists of Bowen's disease and Erythroplasia of Queyrat. These are believed to be precursor lesions of basaloid and warty carcinomas of the penis [18] . Consistent with the high prevalence of HPV in these lesions, their associated cancers have a high prevalence of HPV (Table 1) . Precursors of predominantly HPV-negative keratinizing and verrucous penile carcinomas are not established.
Clinically, high-grade penile intraepithelial neoplasia in patients older than 50 years may be slightly elevated, plaque-like (Bowen's disease) or totally flat (Erythroplasia of Queyrat). Erythroplastic lesions appear as bright, velvet-red areas while the leucoplastic form appears as a white plaque, with a smooth or verrucous surface. Localized at first, these lesions may extend to large areas of external genitalia, including the perineum and perianal areas. These lesions may persist for long time and the risk of progression to cancer, although not precisely known, is higher than in penile intraepithelial neoplasia of young adults. The differential diagnosis includes lichen sclerosus, lichen simplex and psoriasis. Erosive or ulcerated areas and atypical vessels within the lesions are suggestive of invasion. Penile intraepithelial neoplasia in older patients is associated with the same HPV types found in intraepithelial neoplasia in younger patients [11] .
Penile cancer is an uncommon cancer, but its incidence varies widely in different countries [19] . It is a rare cancer in North America, where circumcision is more common than in other regions of the world. Similar to vulvar cancer there may be two separate pathways to development of penile cancer. As described above, basaloid and warty penile cancers are frequently HPV-associated (about 80-100%), in contrast to a smaller proportion of keratinizing and verrucous penile carcinomas (Table 1) . Overall, about 50% of penile cancers contain HPV DNA. HPV16 is the most common HPV type detected in penile cancer. HPV31 or 33 were described only rarely. Giant condylomata acuminata, also known as Buschke-Lowenstein tumors, may precede the development of verrucous carcinomas in some cases and may contain HPV6 or 11.
Treatment of HPV-associated penile disease
The definitive diagnosis of HPV-related penile disease requires a biopsy, but this is usually unnecessary. Typical warts, papillomas and non-pigmented papules do not need to be biopsied. For subclinical lesions, in case of doubt, local anti-inflammatory treatment should be given in an effort to induce regression of non-specific acetowhite areas. Lesions with features suggesting intraepithelial neoplasia should be biopsied to confirm the diagnosis and to exclude the existence of invasive cancer. This is particularly true in patients older than 40, since the risk of progression to invasion of intraepithelial neoplasia is higher in this group.
There is general consensus about the need for treatment of clinically detectable warts and penile intraepithelial neoplasia. There is less consensus on the need for treatment of subclinical lesions. In choosing the treatment modality, factors to consider are differences in size, location, number and histology of the lesions [20] . Other factors to consider include whether the lesions are newly diagnosed or recurrent, and the patient's compliance and pain threshold. Small warts may be treated topically. Patient-applied therapies such as podophyllotoxin or imiquimod cream are useful first approaches. They have the advantage of allowing patients to treat themselves, but have the disadvantages of requiring several weeks or more for therapeutic responses. Patients must also be able to visualize the lesions to know where to apply the creams. Topical treatment with 80% trichloracetic acid (TCA) or liquid nitrogen are acceptable options but must be applied by the treating clinician. This may be preferable for lesions that are too small or inaccessible for self-treatment by the patient, and have the advantage of inducing a therapeutic response quickly. Use of TCA is preferable on non-keratinized mucosal lesions, since liquid nitrogen is painful at those locations. Liquid nitrogen is preferred by some clinicians for cutaneous and hyperkeratinized mucosal lesions. Both treatments often require multiple applications by clinicians, typically 1-2 weeks apart. Second-line therapies that can be used include interferon, 5 fluorouracil, electrocautery and laser surgery. Lesions persisting after local treatment should be considered for surgical or laser ablation.
Treatment of penile intraepithelial neoplasia should be performed after biopsies have excluded invasive penile cancer. The choice of ablative therapy will depend on the size and location of the lesions. A physician may remove it with laser vaporisation or electrosurgery. These lesions can also be treated with TCA and liquid nitrogen. Treatment with podophyllotoxin or imiquimod isn't currently recommended as these drugs have only been approved for treatment of genital warts.
As with all cancers, penile cancer is treated by stage, type, the patient's age and overall condition. For Stage I (localized cancer) the cure rate is high and may involve wide local excision. If the tumor begins in the glans and involves other tissues, treatment may involve partial penectomy and lymph node removal, external radiation therapy and microsurgery. In Stage II, cancer cells have spread to the glans and shaft of the penis, and surgery involving partial, total, or radical penectomy is usually the first approach, or radiation therapy followed by penectomy. Stage III involves cancer that has spread beyond the penis. In addition to penectomy, lymph node removal on both sides of the groin, radiation therapy and chemotherapy may be required. A variety of different chemotherapy drugs have been used in penile cancer in combination with radiation therapy. For stage IV, the cancer has metastasized to other parts of the body. Penectomy, wide local excision, and microsurgery may be used as well as chemotherapy and radiation therapy.
Relationship between penile HPV infection and HPV-associated disease in women
Since the penis is the presumed source of most HPV infection that is transmitted to women, there has been increasing interest in determining concordance of HPV types between sexual partners. Consistent with a relationship between penile and cervical HPV infection, male condom use has been shown to promote regression of human papillomavirus-associated penile lesions in male sexual partners of women with cervical intraepithelial neoplasia [9] , and male circumcision is associated with a reduced risk of cervical cancer in their current female partners [21] . Consistent condom use has recently been shown to reduce the risk of transmission by about 70% [22] .
In one study of women with CIN, penile lesions were seen in 68% of male partners, and most lesions were flat and subclinical. HPV was detected in 59% of the penile scrapings and contained mainly oncogenic HPV types [23] . However the degree of concordance of HPV types between sexual partners has varied considerably between different studies. In one study of husbands of women with invasive cervical carcinoma or cervical carcinoma in situ, 18% of the husbands of women with invasive cervical carcinoma, and 21% of the husbands of women with cervical carcinoma in situ were positive for penile HPV DNA, and concordance of HPV types was low between husband and wife [24] . In a more recent study, among couples in which both partners were HPV-positive, 57.8% of the men had the same HPV type as their partners [25] . In another study of male partners of women positive for HPV using the HCII method, using HCII on penile brushings, 32% were positive for one or more HPV types in the high-risk HPV group, 14% in the low-risk HPV group and 24% in both groups [2] . Using PCR in a study of university students in South Korea, HPV DNA was detected more frequently in female students (15.2%) than in male students (8.7%). Among those students who reported being sexually active, the prevalence of HPV was 38.8% in females and 10.6% in males [26] . In contrast, in a study of Mexican men attending vasectomy clinics, the prevalence of HPV in Mexican men was similar to that of Mexican women of the same age [3] .
HPV infection and disease of the anus in men
Epidemiology of anal HPV infection and HPV-associated anal neoplasia
Anal HPV infection is remarkably common in men who have sex with men (MSM) and HIV-positive men regardless of sexual orientation [27] . HPV infection is most common in HIV-positive MSM [27, 28] . Almost all HIV-positive MSM have anal HPV infection, frequently with multiple HPV types. HIV-positive heterosexual men also have a high prevalence of anal HPV infection [29] , as do HIV-negative MSM [27] .
Anal HPV infection is the most significant risk factor for the development of anal intraepithelial neoplasia (AIN), the precursor lesion to anal cancer. Consistent with their high prevalence of anal HPV infection, the prevalence of AIN in men is highest in HIV-positive MSM [30] followed by HIV-negative MSM [27, 31] and HIV-positive heterosexual men [29] . The incidence of high-grade AIN is also high both HIV-positive and HIVnegative MSM [32] [33] [34] [35] . Among HIV-positive MSM this has also been observed despite the introduction of highly active antiretroviral therapy (HAART) [36, 37] . In HIV-positive men, anal HPV infection and lower CD4+ cell count are the main risk factors associated with prevalent and incident AIN [30] . In a study of AIN in HIV-negative MSM, risk factors included number of receptive anal sex partners and injection drug use, but HPV infection, and a higher number of HPV types detected were the strongest risk factors for AIN [31] . Similar risk factors were found in an earlier study [30] . Despite evidence that immunosuppression as measured by CD4+ level is linked to the development of AIN, the role of immunosuppression in the progression from high-grade AIN to invasive cancer is unclear. Unlike other HIV-related malignancies such as Kaposi's sarcoma and non-Hodgkin's lymphoma, there is no significant increase in anal cancer after an AIDS diagnosis [38] . Other factors such as host genomic mutations, rather than intrinsic immunosuppression, may be more important in progression to invasive cancer [39] .
Like cervical cancer, anal cancer is strongly associated with HPV infection [40] (Table 2) . While less common than cervical cancer, anal cancer is increasing in incidence in both women and men, from about 10 cases per million to 20 cases per million from 1973 to 2000 [41] . Some of this increase is attributable to a rising incidence among MSM. Before the HIV epidemic, it was estimated that the incidence of anal cancer among MSM was estimated to be as high as 37 per 100,000 person years, comparable to the incidence of invasive cervical cancer in women prior to the introduction of cervical cytology screening [42] .
Similar to cervical cancer, HPV infection is one of the most important risk factors for anal cancer and HPV16 is the most common HPV type isolated in anal cancer [43] . Sexual activity was shown in early studies to be a risk factor for anal cancer [43] [44] [45] . In a Scandinavian study, independent risk factors for anal cancer in men included higher numbers of sexual partners and a history of other sexually transmitted infections [46] . Cigarette smoking was a risk factor for anal cancer in at least three studies [43, 45, 47] .
Immunocompromise is another key risk factor, particularly HIV-associated immunocompromise. Data from matching cancer and AIDS registries show that the relative risk of invasive anal cancer was 37 in HIV-positive MSM compared with the general population [5] , and the incidence of anal cancer among HIVpositive MSM is estimated to be double that of HIVnegative MSM. Consistent with the data on AIN and HAART, recent data also show that the incidence of anal cancer is continuing to increase in HIV-positive MSM since the introduction of HAART [48] [49] [50] . Other immunocompromised patients such as transplant recipients are also at increased risk of anal cancer [51] [52] [53] [54] .
Diagnosis of anal HPV-associated anal neoplasia
Given the similarity between anal and cervical cancer, and because cervical Pap testing has been successful in cervical cancer screening, Palefsky and others have proposed an anal cancer screening program that incorporates many of the principles of cervical cancer screening [55] . Anal cancer screening is recommended for populations at high risk of anal cancer. These include all HIV-positive women and men, MSM, women with a history of vulvar or cervical cancer and organ transplant recipients. Anal cytology testing every year to two years has been projected to be a cost-effective intervention to prevent anal cancer in HIV-positive [56] and HIV-negative MSM [57] .
Abnormal anal cytology should be followed with measures to diagnose anal disease histologically and to exclude anal cancer. All patients at risk for anal cancer should also have a digital rectal examination to detect palpable lesions consistent with cancer. Lesions are typically visualized using high-resolution anoscopy (HRA). HRA is similar to cervical colposcopy and uses identical equipment (a powerful light source and binocular lenses). Using HRA, lesions that have contributed to abnormal cytologic findings can be visualized and biopsied. 3% acetic acid can be used to assist in the visualization of abnormal tissue, similar to the changes induced by acetic acid in the cervix and on the penis. HPV-infected lesions turn white relative to surrounding normal tissue. Other signs of AIN include abnormal vasculature with features such as punctation, mosaicism and atypical vessels [58] (Fig. 3) . The application of Lugol's (iodine) solution can also increase specificity. Abnormal tissue remains unstained or appears light yellow, unlike adjacent normal tissue which stains dark brown or mahogany due to the presence of glycogen in the cells.
The sensitivity of anal cytology to detect biopsy proven AIN is 50 to 80% [59] , similar to the sensitivity of cervical Pap tests to detect biopsy-proven CIN. Anal cytology is more sensitive in HIV-positive men compared with HIV-negative men in detecting AIN, most likely reflecting the presence of more extensive HIV-associated disease in the HIV-positive population.
Histopathology of anal intraepithelial neoplasia
Similar to the classification system used for cervical cytology, anal cytology is classified as normal, atypical squamous cells of undetermined significance (ASC-US), atypical squamous cells-cannot rule out highgrade disease (ASC-H), low-grade squamous intraepithelial lesions (LSIL), high-grade squamous intraepithelial lesions (HSIL) and invasive carcinoma. The histologic correlate of CIN is AIN, which is a precursor to anal cancer [60] [61] [62] . The grading system reflects the degree of histologic abnormality observed. AIN I is not likely to progress to anal cancer whereas AIN II and AIN III are believed to be the true anal cancer pre- cursors. Like CIN 1, AIN 1 shows signs of replicative HPV infection, including koilocytosis and few signs of cellular atypia. AIN II and AIN III, like their cervical counterparts, show progressively increasing proliferation and replacement of the normal epithelium by cells with a basal morphology and large nuclear-cytoplasmic ratios, and mitoses in the more superficial cell layers.
Treatment of HPV-associated anal neoplasia
AIN and condyloma
Because of anatomical challenges such as hemorrhoids and crypts, it can be more difficult to treat AIN compared with CIN. Recent guidelines were published for the treatment of AIN in the setting of HIV infection [55, 63] . As in cervical disease, histology, lesion size, lesion location and HIV-status are the main determinants that may influence treatment modalities and treatment goals. While AIN I likely does not progress directly to cancer, treatment may of AIN 1 reduce the risk of enlargement which may preclude the use of topical agents, decrease the risk of progression to AIN II or AIN III, and may provide symptomatic or psychological relief. AIN II and AIN III should be treated whenever possible to prevent cancer. Some experts have a lower threshold to treat HIV-positive men with minimal AIN I in HIV-positive men since there is a faster rate of progression to AIN II or AIN III compared with HIV-negative men [35] .
Smaller lesions are generally easier to treat than larger lesions. Topical therapy can be used for relatively flat intra-anal (85% trichloroacetic acid, liquid nitrogen) or perianal lesions (imiquimod, podophyllotoxin, 85% trichloroacetic acid, liquid nitrogen) smaller than 1 cm 2 at the base. Large circumferential intra-anal lesions, particularly in HIV-positive men, have a high recurrence rate if removed rate [64] . Because treatment of extensive intra-anal lesions may require multiple staged procedures and may be associated with a high morbidity (post-operative pain), and high recurrence rate these individuals may be followed closely without treatment. Large, circumferential intra-anal lesions may be removed surgically if patients are symptomatic or if the goal is to rule out anal cancer. Lesions in the middle-sized category (too big for topical therapy, but not large enough to require surgery) are increasingly being treated with infrared coagulation (Redfield Corporation, Rochelle Park, New Jersey) which has been licensed for treatment of condylomata acuminata and tattoo removal [65] . After local anesthesia with 1% lidocaine with epinephrine, the infrared coagulator is used to destroy the lesion by generating intense heat at the tip of the probe. Coagulative necrosis occurs without a smoke plume. This procedure is well tolerated with fewer complications compared with surgery, with only mild to moderate post-procedure discomfort occurring for a few days. Other therapies for AIN may have promise, including photodynbamic therapy [66] and intra-anal imiquimod [67] , but these require further study.
Perianal condyloma may be amenable to local patient-applied therapy such as imiquimod or podophyllotoxin, which are not recommended for intra-anal use. Liquid nitrogen, electrocautery, TCA and IRC may be used in the office by the clinician. Condyloma that are too large for office-based therapy usually require removal in the surgical suite. Perianal high-grade disease may be treated with TCA, IRC or surgery.
Anal cancer
Treatment of anal cancer depends on the stage of the cancer and the patient's age and general health. Stage 0, also classified as anal carcinoma in situ, can be removed locally, similar to the treatment described above for AIN II-III. Stage I cancer, which is smaller than two centimeters in diameter, but has not spread to the muscle tissue, can sometimes be treated by local resection, but the usual therapy is a combination of chemotherapy with radiation therapy. If cancer recurs, abdominoperineal resection may remove the remaining cancer. In Stage II cancer, which is larger than two centimeters in diameter, but has not spread to nearby organs or lymph nodes, the treatment options are the same as for Stage I. For stage III-A cancer, which has spread to the lymph nodes around the rectum or to nearby organs such as the bladder, radiation plus chemotherapy is still an option, but because the cancer has spread to the lymph nodes, surgery may be needed to remove parts of the rectum or colon as well as to perform a lymph node dissection. For Stage III-B cancer, in which the cancer has spread to both lymph nodes and nearby organs, radiation and chemotherapy, followed by surgery is the best combination. The recovery rate from Stage IV metastatic anal cancer is low and most treatments are palliative (designed to relieve symptoms rather than cure the cancer).
The standard of care for the treatment of all but Stage IV invasive anal cancer is thus combined modality therapy (CMT) with both RT and chemotherapy (5-FU and mitomycin used together), with or without surgery as described above. More recently, cis-platinum has been increasingly used in place of mitomycin [68] . CMT avoids the morbidity of abdominoperineal resection (APR) which involves removal of the anorectum and necessitates a permanent colostomy. CMT has also been successfully employed in HIV-positive men [68] , including those with low CD4+ level but who have a well-controlled HIV viral load on HAART.
Conclusions
The consequences of anogenital HPV infection in men must be measured both in terms of their ability to spread HPV infection to their sexual partners, as well as the lesions, including cancers, that affect men directly. Although they share much in common with cervical HPV infection and disease, the natural history of penile and anal HPV infection, intraepithelial neoplasia and cancer is not well understood. Factors that lead to transmission of HPV infection between sexual partners requires further study, as will the effect of prophylactic HPV vaccination of women on male disease. Conversely, prophylactic HPV vaccination of men needs to be studied for its effect on reducing the burden of male disease and protecting the health of women by reducing their exposure to HPV and improving their "herd immunity". As a result of the success of the HPV vaccine in women, more attention than ever is currently being given to the "male factor", and it is expected that these studies will yield important information that will be valuable to the treatment and control of HPV-associated neoplasia in both women and men.
